Introduction

16
The control of parasitic organisms is a major concern in marine aquaculture. In particu- is predicated on the ability to predict future lice levels from current population and en-22 vironmental trends, as well as predicting the effectiveness of different treatment regimes.
23
These two needs can be accomplished through mathematical modelling and it is imperative 24 that tractable and biologically sound models are developed to aid practitioners in decisions 25 regarding sea lice dynamics.
26
Seasonal environmental variability plays a major role in the dynamics of many disease Table 1 ), thus models of sea lice dynamics must be able 29 to incorporate the effects of seasonally varying temperature and salinity on the sea louse 30 lifecycle. time (T (t)), and how the development rate changes with respect to temperature (γ x (T )), we 77 can then determine how the development rate changes with respect to time (γ x (t)) without 78 needing to explicitly reference the dependence on temperature.
31
79
The waiting times associated with maturation are such that a cohort exiting a state x at 80 time t, will all have entered that stage at t − τ x (t). The waiting time, τ x (t), depends on the 81 development rate, γ x (t), and is defined as the length of time that it takes sea lice to reach 82 a threshold development level,q x , given that they entered the stage x with a development 83 level q x = 0. As such, τ x (t) is implicitly defined as,
(Nisbet & Gurney, 1983).
85
Natural mortality occurs in all stages at a per capita rate µ y (S(t)), where y ∈ {P, I, C, A}.
86
Natural mortality is a function of salinity S(t), which is a function of time (t). For notational 87 simplicity, we write simply µ y (t), because given functions that describe how salinity changes 88 with respect to time (S(t)), and how the mortality rate changes with respect to salinity 89 (µ y (S)), we can then determine how the mortality rate changes with respect to time (µ y (t)) 90 without needing to explicitly reference the dependence on salinity. Not all members of a 91 cohort who enter a stage x at time t − τ x (t) survive to mature at time t. 
where η is the number of eggs per egg string, is the rate of egg string production, ι is the 98 rate of infection per fish, f is the number of fish on the farm, and all model parameters are 99 summarized in Table 2 . Equations (6) and (7) arise from differentiating equation (1) with 100 respect to time (Nisbet and Gurney, 1983). The γ x (t)/γ x (t − τ x ) terms arise because we intensities. In an aquaculture setting, managers will typically intervene with chemothera-peutics before any natural density-dependent regulation of the sea louse population can 
The shape of the function is described by the duration of the life stage (β 
120
Water temperature (T (t)) and salinity (S(t)) on salmon farms varies over time. We use 121 sinusoidal functions to describe the general annual patterns,
where a is the average annual temperature, c is the average annual salinity, and b and d are The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/026583 doi: bioRxiv preprint first posted online Sep. 10, 2015;  the respective amplitudes of the cosine functions. Sinusoidal functions of the form,
were fit to monthly temperature and salinity data from a salmon farm in the Broughton in the sensitivity analysis and a value of 0.01 was chosen as the default value.
144
4 Model Dynamics
145
We numerically solved the system of equations (2) (Fig. 3) . Environmental conditions that result in < 1 are shown as circles.
The basic reproductive ratio, R 0 , is commonly used as a measure of reproductive success persist, whereas when R 0 ≤ 1 the population will shrink with each subsequent generation 168 until extinction. In seasonal systems, R 0 will depend on the time that the infection is 169 introduced to the system. We define R 0 (t) such that it is the number of second generation 170 adult females produced by a single adult female, who enters the system at time, t. As such,
171
R 0 (t) depends on the probability that the nauplius survives each successive life stage and 172 the timing and duration of egg string hatching during the adult female stage (see Appendix 173 B). We determined R 0 (t) numerically by augmenting the system of equations (2)- (7) salinities and visa versa. We find R 0 (t) to be highest in December, when salinity is high, but 182 temperatures are low (Fig. 4A ). As such, sea lice that enter the farm in December will go 183 on to produce the most offspring despite having longer generation times than sea lice that 184 hatch in the summer months (Fig. 4B) . The value of R 0 (t) is not < 1 at any point during the end of the summer. We find that R 0 (t) is highest in August (Fig. 4A) , after maturation 195 times plummet during the summer months (Fig. 4B ) and when time to maturity is shortest 196 (Fig. 4B) . The value of R 0 (t) is not < 1 at any point during the year, so an adult female 
17
. The simulation begins with only adult females and the only parameter that affects adult 208 mortality is mean salinity (c, Fig. 5A ). After the cohorts start maturing the size of the 209 adult female population is also affected by parameters relating to maturation, infection, and 210 reproduction ( Fig. 5A and B) . The three most sensitive parameters at 180 days were mean the infection rate, the model is least sensitive to infection rate, out of the seven parameters 216 examined (Fig. 5B) . analysis.
226
There is a substantial difference between the timing of the peak in R 0 (t) for British
227
Columbia and Newfoundland. We found that the peak value of R 0 (t) for both the British
228
Columbia and the Newfoundland sites occurred during peak salinity levels, although in
229
Newfoundland the salinity levels were fairly constant and the highest salinity levels also 
254
It is important to note that the R 0 (t) we calculate is not a threshold condition for sea lice 255 epidemics, since subsequent generations will hatch throughout the year and experience their approach is that the theoretical approaches outlined in Zhao (2015) can be utilized.
262
Our sensitivity analysis found that adult female sea lice abundance is most sensitive to 263 average annual temperature and salinity. This is likely because a large number of parameters 264 depend on temperature (τ P (t) and τ C (t)), salinity (µ P (t), µ I (t), µ C (t), and µ A (t)) or both who found that sea lice numbers were most sensitive to the survival through the pre-adult 269 stage, of which development time plays a major role.
270
In addition to the need for more empirical studies into the temperature-maturation rela- 
288
Because salmon can be introduced to saltwater pens at most times of the year, our model is 289 well suited to examining the effects of treatment timing on sea lice numbers. We conclude 290 by recommending that future modelling studies incorporate detailed seasonal characterists 291 of their chosen study site into models of sea lice population dynamics. 
